To complete the set of synthetic analogs of the three recognized types of active sites in iron-sulfur redox proteins, the compound (Et4N)Fe((SCH2)2C6H4)2, derived from o-xylyl-a,a'-dithiol, has been prepared and its structure has been determined by x-ray diffraction. The bischelate anion contains a near-tetrahedral Fe(III)-54 coordination unit with small rhombic distortions and all Fe-S bond distances in the range 2.252-2.279 A. Its electronic properties have been partially characterized by measurement of electronic absorp tion, paramagnetic resonance, Mossbauer spectra, and mag netic susceptibility. The analog, as the protein, exhibits the Fe(III)/Fe(II) redox couple. These results substantiate desig nation of [Fe((SCH2)2C6H4)2J-as a synthetic analog of the Fe(IIIXS-Cys)4 center in oxidized rubredoxin proteins. Com parison of the analog structure with that of the Clostridium pasteurianum rubredoxin active site shows that the former is substantially less distorted from idealized tetrahedral sym metry, and is considered to represent an essentially uncon strained structural model of the latter. Provided the grossly distorted tetrahedral stereochemistry of the protein site per sists through final structural refinement, the analog-protein structural comparison supports an entatic state description of oxidized rubredoxin.
Fe(IIIXS-Cys)4 center in oxidized rubredoxin proteins. Com parison of the analog structure with that of the Clostridium pasteurianum rubredoxin active site shows that the former is substantially less distorted from idealized tetrahedral sym metry, and is considered to represent an essentially uncon strained structural model of the latter. Provided the grossly distorted tetrahedral stereochemistry of the protein site per sists through final structural refinement, the analog-protein structural comparison supports an entatic state description of oxidized rubredoxin.
Three types of active sites are currently recognized in nonheme iron-sulfur redox proteins (1) (2) (3) . In terms of minimal composition they may be specified as Fe(S-Cys) 4 [rubredox ins (Rd)], Fe2S2*(S-Cys) 4 [plant, mammalian, and certain bacterial ferredoxins (Fd)], and Fe4S4*(S-Cys) 4 ["high-po tential" (HP) proteins, 4-and 8-Fe bacterial proteins], in which S* is acid-labile or sulfide sulfur. The 1-Fe and 4-Fe sites have been defined by x-ray diffraction (4) . In Clostridi um pasteurianum oxidized rubredoxin (Rd..) the active site consists of a grossly distorted Fe(III)-S4 tetrahedral unit with one unusually short Fe-S bond (4, 5) . The structures of the active sites of Chromatium HPred (6, 7) and Peptococcus aerogenes Fdo, (4, 8) 12. ic properties, and ranges of oxidation states of the active sites of the lower molecular weight proteins can be closely ap proached or duplicated in relatively simple synthetic com plexes derived from Fe(IIIII), sulfide, and organic thiolates (9) . The latter simulate coordination by cysteinyl residues. (13, 14) and [Fe(Boc-Gly(Cys-Gly-Cys)3
Cys-Gly-NH2)]2- (15) , both of which contain Fe(II). The former, which lacks -CH2S coordinating groups, has been isolated and structurally characterized, and the latter has been generated in solution but not isolated. Both serve as ap proximate electronic models for the Rdred site but neither has as yet been reported to be oxidizable to (Fig. 3) reveals that the sign of the principal component of the electric field gradient tensor is positive and that the magnetic splitting of the nuclear levels is due to the direct effect of the applied field and to a large field-dependent magnetic hyperfine interaction of opposite sign. For Ho = 80 kOe this interaction is equivalent to a magnetic field at the nucleus of -380 kOe. (25, 27, 28) . These internal fields are reduced from the usual saturation value of about -500 kOe (31) (12, 16, 23, 24) and represent influences of protein tertiary structure and active site environment which are not yet in terpretable (23, 24) .
Analog-protein structural comparison
The preceding results suffice to show that [Fe(S2-o-xyl)2] and Rd.. proteins contain similar chromophores, exhibit the same two oxidation levels, and possess high-spin Fe-S4 coor dination units which display rhombic departure from ideal ized tetrahedral symmetry in the crystalline phase and in frozen solutions and glasses. The high-spin spherically sym metric Fe(III) ion is devoid of ligand field stabilization ef fects on stereochemistry, and is expected to adopt a strictly regular coordination geometry in the absence of ligand structural constraints and the perturbing influences of crys talline packing forces and other medium effects. These fac tors, if operative, should afford mainly angular rather than distance distortions. An example is found in the precisely de termined structure of [PCI4] [FeCl4] (36) , whose anion de viates appreciably from Td symmetry only by one angle about 50 larger than the other five (mean 108.60). More ex tensive distortions are found in other salts of [FeCL4]- (37) .
Other than noting that the largest S-Fe-S angle is the bite angle S(l)-Fe-S(2), the parameters in Fig. 1 do not reveal any clear-cut influence of chelate rings on the stereochemis try of the analog coordination unit, which is not subject to any crystallographically imposed symmetry requirements. While small crystalline and ligand perturbations cannot be completely discounted, [Fe(S2-o-xyl)2]-is considered to con tain an essentially unconstrained Fe-S4 unit whose stereo chemistry should be closely approached in Rd,0 active sites in the absence of structural constraints imposed by protein.
The structure of Cl. pasteurianum Rd.. has progressed through a series of refinement stages (38) , with the latest published results obtained at 1.5 A resolution (4, 5, 38 
